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Abstract The article presents the results of research regarding the impact of the degree of distortion and
noise of the logatom (nonsense word) on the listener's reaction time. The study aimed to determine
the maximum reaction time of listeners, which will allow determining the time after which the logatom will
be exposed in the speech quality assessment method with an alternative choice. The research was carried
out with the participation of a group of ten students. A strong relationship between the results obtained and
the concentration of the listeners was found, as well as the effect of fatigue, training, and the gender
of the listener. The obtained results indicate that in the method with an alternative choice before
the logatom emission should appear 1.1 s initial sequence, which will eliminate the situation when
the listeners did not recognize the initial phoneme transmitted from the logatom.
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1. Introduction

Measurement of reaction time is an important issue in scientific research in many fields, such as psychology,
psycholinguistics, acoustics, as well as in diagnostics, e.g. audiometry, psychology, and sports [1-8].
In speech perception research, analysis of reaction time is not a new issue. Research on speech perception
shows that vowels are recognized better than consonants. This is most likely because the acoustic energy
of vowels is about 6 dB greater than that of consonants [9]. Additionally, the consonants are shorter than
the vowels. The smaller amplitude and short duration of consonants make their perception more difficult.
In assessing the quality of speech signal transmission, the following are used: logatoms?! (nonsense words),
most of which begin with a consonant. If the listeners are presented with logatom beginning with a
consonant, and without the initial sequence (noise, carrier phrase), then there is a high probability of its
erroneous recognition.

The listener's reaction time is understood here as the time needed for a person to hear a speech signal,
process it and make a decision as to its content.

The issue of the listener's reaction time is very important in the subjective methods of measuring speech
intelligibility, based on the computer technique of presenting test samples, which are registered
in the computer's memory in the form of isolated test units, e.g. words or logatoms. At this point, there is
the problem of the duration of the initial phase occurring before the actual test signal appears (Fig. 1).

Too shortinitial sequence results in no reception or incorrect reception of the first phoneme in the given
logatom. This problem plays a particularly important role in the assessment of speech intelligibility carried
out with the alternative choice method "modified intelligibility test with forced-choice" (MIT-FC) [10].
In subjective measurements of speech intelligibility, the so-called a carrying phrase, eg "Now you will hear
the next logatom. Please write it down". The carrier phrase stabilizes the listening conditions, especially for
high levels of interfering noise. In the MIT-FC method, individual test units are generated by a computer
without a carrier phrase. The lack of a carrier phrase, as is the case with the MIT-FC method, means that
the listener's hearing organ is not prepared to receive the next logatom. This often results in incorrect

1! Logatom - a sequence of sounds in succession according to certain linguistic rules, devoid of any
semantic content; in English nonsense word.
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recognition of the first phoneme or even its omission. This problem occurs especially when speech
intelligibility measurements are made in conditions of significant noise in the speech. It is important to
determine the minimal duration of the start sequence related to the listeners' response time to the speech.
The aim of the presented research was:
- determining the reaction time of listeners necessary for correct logatom reception,
- examine the impact of disturbances and distortions on response time.

Fig. 1. The waveform of the logatom “Uso“:
a) without the initial phrase, b)with the initial phrase.

Subjective measurements of speech signal quality are inseparably connected with the auditory
perception process, which can be considered as the listener's response to the stimulus reaching him.
The listener's response depends on this stimulus, as well as on the conditions in which the listener is.
The listener's response from a physiological and psychological point of view can be considered in terms of
a sensorial and emotional response. The sensory reaction is the result of a given stimulus exceeding certain
thresholds of sensitivity or thresholds of hearing categories. A more complex and more difficult to analyze
is the emotional response, which is not the result of the characteristics of the received signal, but the habits,
individual features of the listener, as well as from his psychophysical state. One of the purposes of the use
of logatomes was to eliminate the emotional reaction and leave only the sensory one - related only to
the hearing mechanism.

2. Measurement of speech intelligibility by an alternative method with forced choice

Subjective speech quality measurements according to intelligibility criteria are based on sentences, words
or logatoms lists. The results of subjective measurements of the quality of speech transmission should
depend on the physical parameters of the tested transmission channel, and not on the structure of
the language test. Logatom lists ensure the elimination of information at the semantic level and thus limit
the impact of the listener's emotional response on the obtained result.

Measuring logatom intelligibility consists of sending nonsense-word lists, which are written down by
the listeners. The correctness of saving is checked by an expert who calculates the average intelligibility of
the logatom. The average logatom intelligibility is calculated as the ratio of the correctly received number
of logatomes to all sent logatomes.

Subjective measurements of logatom intelligibility are recommended by the ISO recommendation:
Acoustics -- The construction and calibration of speech intelligibility tests [11] and the Polish Standards:
PN-T-05100 Analog communication systems. Requirements and methods for measurement of logatom
intelligibility” [12] and PN-V-90001 Digital communication systems. Requirements and methods for
measurement of logatom articulation [13].

The subjective measurement of logatom intelligibility by the traditional method is very time-consuming.
In the Department of Acoustics and Multimedia at the Wroctaw University of Technology, a new
measurement procedure has been developed. This method is called a “modified intelligibility test with
forced-choice” (MIT-FC) [14-16]. In the MIT-FC method, all experiments are controlled by a computer.
The computer generates the selected (subsequent) logatom, and the listener selects the correct logatom
from the list of alternative logatomes presented visually on the monitor screen. Based on experimental
research, it was established that the number of seven displayed alternative logatomes allows to minimize
the method error, while fully utilizing the listener's perceptual abilities [17]. Among the seven logatomes
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proposed to the listener is the presented logatom in a random position. The listener's task is to choose
the correct answer. After the listener has made a selection, the program compares the selected logatom with
the transmitted one. When the result of the comparison is positive, the value of the variable storing
information about correctly received logatom is increased. After the measurements are completed,
the result is displayed on the monitor screen.

In the MIT-FC method, logatoms are presented as isolated test units. Therefore, it is very important to
choose the optimal duration of the sequence before the logatom appears.

3. Experiment
3.1. Subject

Ten people (5 women and 5 men) aged 23 to 28 with normal hearing participated in the experiment. All
subjects were fluent speakers of the Polish language. All subjects participated voluntarily. An additional
criterion for qualifying for research was good computer skills, especially fluency in typing on a computer
keyboard.

3.2. Procedure

The speech was presented at a level of 60 dBA and was at least 20 dB above the threshold in quiet. Within
an experiment, each logatom was presented only once. The participant of the study saved the heard
logatoms on the computer keyboard. The response time was measured in the form of latency between the
end of the logatom emission and pressing the first key. The research used a program written and launched
as part of the diploma thesis [18]. The program made it possible to introduce interference and distortion
with given parameters into the speech signal. Before starting the actual measurements, the participants had
a two-hour training session.

Reaction time was measured in binaural listening conditions using high-quality headphones. One
measurement session lasted 20 minutes, followed by a 10-minute relaxation break. The purpose of this
break was to avoid the effect of fatigue on the results obtained. 100 logatome lists were used for
the research. The interfering signal was the white noise of different levels (SNR -12 + +40 dB). Tests to
determine the reaction times were carried out for the following conditions:

- speech signal without noise and interference,

- noisy speech signal to varying degrees (SNR = 40, 30, 20, 10,5,0,- 2,-4,-6,-8,-10,- 12 dB),

- speech signal distorted by echo,

- speech signal noisy to varying degrees and distorted by the echo effect (delay T = 0.4, loss of amplitude
decay A = 0.6)

All measurement conditions were carried out using the simulation method, using the program created
as part of the thesis [18].

The choice of noise interference was determined based on previous studies on the analysis of the impact
of noise interference on speech quality. An SNR value less than -12 dB gave logatome expression results
below 10% [18]. In the case of echo distortions, 16 configurations of delay (T) - loss of amplitude decay (4)
were examined.

4. Results
4.1. Reaction time for ideal conditions

The results obtained for the situation when the speech signal was neither distorted nor disturbed are
presented in Table 1. The table uses the designation F - female, M - male; the number indicates the
listener's number.

In the present study, it can be observed a significant difference in reaction time between male and female
listeners. The average difference is about 177 ms, and the reaction time is much shorter for men than for
females. Only in one case (female labelled F4), the response time is comparable to the response time of men.

4.2. Reaction time for different SNR values

The results obtained for the case when the speech signal was disturbed by the white noise of different levels
are presented in Table 1 and graphically in Figure 2.
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Tab. 1. Response times for ideal conditions.

Female Male
Average Standard Logatom Average Standard Logatom
Subject  reaction time deviation intelligibility reaction time deviation intelligibility
[ms] [ms] [%] [ms] [ms] [%]
1 745 120 89 398 108 94
2 643 83 94 377 62 93
3 768 102 88 491 234 88
4 468 156 92 600 243 92
5 631 160 91 505 147 96
Average 651 124,2 90,8 4742 158,8 92,6
value
Tab. 2. Response times for speech signal interfered with white noise.
Female Male
SNR [dB} Average reaction Star'lda'lrd . Log.a'Fom. Average reaction Star.ld?rd . LOgZaFOFn.
time [ms] deviation intelligibility time [ms] deviation intelligibility
[ms] [%] [ms] [%]
40 659 232 90 474 206 90
30 689 257 85 483 174 86
20 708 201 87 494 179 85
10 759 256 72 535 215 76
5 820 253 60 558 220 60
835 246 47 575 196 56
-2 878 252 38 601 252 41
-4 937 317 36 665 308 39
-6 961 314 32 666 282 38
-8 978 307 23 679 291 26
-10 990 339 20 793 311 15
-12 1013 328 15 788 290 14
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Fig. 2. Response time dependence on SNR for white noise interference.
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This point of research showed that the response time in noiseless conditions is faster than the time
obtained for SNR = 12 dB by 362 ms for female listeners and by 314 ms for the male group. The longest

response time of 1 s was obtained in the female group for SNR =-12 dB.

4.3. Reaction time for echo distortion

The results obtained in the conditions of the speech signal with echo distortions for the combination of 4
delay times T (0.1s, 0.4s, 0.7s, 0.9s) and 4 values of amplitude decay A (0.1, 0.4, 0.7, 0.9) are given in Table 3
and graphically in Fig. 3.

Tab. 3. Response times for echo distortion.

Female Male
T A Average Standard Logatom Average Standard Logatom
reaction deviation intelligibility = reaction deviation intelligibility
time [ms] [ms] [%] time [ms] [ms] [%]
0.1 547 114 93 383 159 90
701 0.4 567 106 89 424 172 96
o 0.7 593 177 88 420 163 90
0.9 600 195 84 442 164 90
0.1 553 176 92 408 187 93
T=04 0.4 587 181 92 431 163 90
o 0.7 592 191 92 404 198 91
0.9 619 185 88 435 156 90
0.1 576 105 89 388 170 93
T=07 0.4 599 160 90 444 163 90
o 0.7 616 181 87 451 126 91
0.9 619 117 79 482 148 89
0.1 584 185 88 396 151 92
709 0.4 599 174 93 450 146 93
ST 07 626 184 92 472 144 89
0.9 633 136 79 488 115 83
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Fig. 3. The dependence of the response time in reverberation conditions

as a function of the reverberation time for different amplitudes decay:
a) male, b) female.
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It was found that the reaction time increased slightly with increasing reverberation time. Using the
ANOVA test at the significance level of a = 0.05, it was found that the reverberation time did not affect the
reaction time in each group. Picou, Gordon and Ricketts [19] research also showed that the reverberation
time has no significant effect on the response time.

4.4. Reaction time for various combinations of noise and distortion

In the part of the experiment concerning the influence of the reverberation time (7) and the amplitude decay
(A), it was noticed that for the majority of listeners, especially in the male group, for the values of T= 0.4
and A '= 0.7 there is a significant shortening of the response time to the value of amplitude decay 4 = 0.1
and 0.4. Hence, in the further part of the experiment, it was decided to set the reverberation time
parameters T = 0.4, while the value of the amplitude decay was set to 0.6.

The results obtained under conditions of simultaneous speech signal echo for a delay time T'= 0.4 s and
decay of amplitude decay A = 0.6 and white noise of different levels are given in Table 4 and graphically
in Fig. 4.

Tab. 4. Response times for speech signal distorted by echo and white noise interference.

Female Male

SNR [dB} Average Standard Logatom Average Standard Logatom

reaction deviation intelligibility =~ reaction deviation intelligibility
time [ms] [ms] [%] time [ms] [ms] [%]
40 639 204 91 427 192 91
30 642 206 89 462 192 92
20 659 227 86 464 184 91
10 708 235 76 482 232 79
5 748 248 62 563 251 69
0 753 264 56 620 273 54
-2 791 247 48 628 234 46
-4 856 259 40 634 223 39
-6 945 325 37 769 251 35
-8 938 287 26 760 281 26
-10 1020 355 18 792 314 24
-12 1085 366 10 832 304 15
1200
m Female average reaction time [ms]
mMale average reaction time [ms]
1000 -
800

600 ]

400

200

Average reaction time [ms]

0 - - O M e Ee = = L g
40 30 20 10 5 0 -2 -4 -6 -8 -10 -12
SNR [dB]

Fig. 4. Response time dependence on speech signal distorted by echo and white noise interference.
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This experiment showed that background noise increases auditory effort, as evidenced by the longer
response times in noise than in silence. A similar conclusion is drawn from the research carried out by Picou,
Gordon and Ricketts [19]. In the present experiment, the shortest response time of 427 ms was obtained in
the male group, while the longest 1085 ms was in the female group.

5. Conclusions

The main goal was to determine the reaction time of the listener, which would ensure the correct reception
oflogatomes. Considering that the group of students participating in the speech quality assessment consists
of both females and men, when determining the length of the initial sequence of the logatom, the reaction
time for the worst conditions should be taken into account. Analysis of the results shows that the time of
the initial phase of the logatom should not be less than 1.1 s. Initial subjective speech quality tests carried
out with the MIT-FC method showed that the introduction of the pre-sequence (noise with a level
correlating with the noise level present in the recorded recording) significantly will improve the obtained
results in terms of their compliance with the results obtained with the traditional method.

Within each test condition, the results of the obtained reaction time were subjected to statistical analysis.
The homogeneity of the results obtained in the group of female and male listeners was checked using the
Bartlett test, confirming the homogeneity at the significance level of a = 0.05, which allowed for averaging
the ratings of all members of the listening team.

In the study of reaction time in the conditions of the noise of the speech signal with white noise, it was
observed that if the first phone in the logatom has a noise character, then the listener's reaction took place
only after the next phone, which distorted the latency time. This phenomenon was caused by the fact that
noisy phones were not heard in conditions of a considerable high noise level.

During the study, an interesting phenomenon was observed for the perception of long logatomes, for
which the response times were 60 ms, and even in some cases 30 ms. It turned out that some people
participating in the experiment, after recognizing the first phone began writing logatom simultaneously
analysing the rest of the transmitted logatom. It gave the impression that they heard the logatom before it
was fully said. Because the response time was measured as the latency between the end of the logatom and
the first keypress, the result was incredibly short response times. However, this phenomenon was very rare.
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